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INTRODUCTION 
The race-horses are prone to injuring their leg tendons, especially the superficial 
digital flexor tendon (SDFT). The SDFT injuries have a significant impact on the 
performance horse industry, accounting for an estimated 8-12% of all racing injuries. 
Historical data indicate that with traditional modes of therapy, there is approximately 40-
50% chance the horse will retum to athletic activity after significant SDFT injury. This 
represents a significant economic loss to racehorse owners and industry. 
Sports-related connective tissue injuries can be classified as macro-traumatic acute 
tissue destruction or micro-traumatic chronic abusive cyclic loading. Either micro- or 
macro-trauma can lead to structural tissue overload or mechanical strain respectively. This 
leads to an initial cell matrix stress response which is potentially reversible following 
physiologic adaptation. Altematively, cyclic loading can leadtodegenerative changes 
which can result in irreversible tissue darnage and a chronic tendinosis cycle with 
microtears and ultimately tissue failure. 
During strenuous exercise, the SDFT tendon is subjected to heavy loads (Figure 1). 
The loading cycle of the SDFT in the horse has been examined and a stress-strain curve has 
been calculated. Structural failure in vivo can occur at a strain of 12% to 20% [1]. Studies 
have shown the tendon strain magnitudes in a galloping Thoroughbred can reach 16% [2]. 
This value is very close to the yield and failure strains deterrnined in vitro. This suggests 
that the safety margin in very small, and the potential for repeated micro-trauma is great. 
There is good evidence to suggest that tendon injuries result from previous degenerative 
changes ( caused by repeated micro-trauma from cyclic loading) that weaken the tendon. If 
these early changes can be detected with advanced ultrasound techniques, the incidence of 
clinical tendinitis in race horses can presumably be reduced by altering the management of 
these horses. 
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Figure 1. Superiicial digital flexor tendon in horse is placed under tremendous strain 
during strenuous exercise and galloping. 
An objective assessment of the degree of tendon injury or repair is important to 
making a correct decision as to whether, or when, a horse can resume training and racing. 
Enhanced measurement techniques and instrumentation would provide quantitative data to 
more precisely discriminate between damaged and undamaged tendon tissue. One of our 
primary objectives is to develop tissue characterization techniques to detect small degrees 
of darnage or precursor conditions that can not be detected with existing clinical ultrasound 
imaging techniques. Tllls would enable the timely implementation of preventive measures. 
lf successful, such a detection system could prevent horses from developing serious 
injuries and save the racing industry significant amounts of money and time in 
rehabilitating injured horses. Another objective is to predict with greater certainty the 
chances that a given horse will return to athletic activity based upon a quantitative 
assessment of the degree of injury and the healing response. 
CURRENT UL TRASONIC DIAGNOSTIC PRACTICE 
The value of ultrasonic imaging in determining the location, extent, and nature of 
tendon injury has been weil established in equine veterinary medicine [3]. Widely used 
real-time medical ultrasound scanners provide two-dimensional image (B-mode) of the 
cross-section of the tissue along the plane of the so und wave propagation. At present, the 
sonograplllc demonstration of injuries and the assessment of their healing is based solely 
upon a qualitative interpretation of the image. Typically, the tendon lesions are graded on 
a scale of l to 4 where grade 1 image is mostly echogenic (or with high backscatter) which 
correlates with only minor damage; and a grade 4 Jesion is mostly hypoechoic 
(characterized by a black hole thm does not backscatter much) and correlates with major 
damage. Many of small, subtle changes that occur in the displayed image can not be 
appreciated by visual inspection. In an attempt to provide a semi-quantitative evaluation, 
Reef et al. [4] measured the length of the lesion and the percentage cross-sectional area that 
was damaged. Genovese et al. [5] linked the cross-sectional area and a qualitative grading 
of lesion echogenicity and expressed them as a severity grading. Three-dimensional 
sonograplllc images of equine tendons and ligaments have also been constructed to more 
clearly demoostrate the extent of pathology (6]. All these teehniques still require a 
subjeetive visual assessment of the area of tendon damaged. In an attempt to move 
towards a morequantitative assessment of the sonographie image, Nieoll et al. (7] 
evaluated the merits of measuring mean gray-level ( overall eeho amplitude) of an image 
area. However, there is potential to extraet more information from uHrasound images 
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using texture analysis algorithms. Until recently, no efforts have been made to objectively 
quantify the arnount of darnage for diagnosis or for an accurate prognosis for recovery. 
The typical commercial medical uhrasound scanner uses proprietary algorithms to 
preprocess the backscattered uhrasound signals in order to optimize the quality of the 
image generated. Also, the scanner design does not provide access to the raw ultrasound 
signals which restricts researchers to the post-processing of the obtained images to provide 
additional tissue characterization. Image texture analysis and segmentation have been 
demonstrated to be helpful in differentiating and characterizing diseases of organs such as 
liver, heart, breast, and eye. Ultrasound texture analysis has also been successfully applied 
to characterize animal muscle composition, e.g., to evaluate beef quality by determining 
marbling or intrarnuscular percentage of fat [8-10]. 
Image texture can be described by using dimensions of uniformity, density, 
coarseness, roughness, regularity, intensity, and directionality. Several methods for 
quantitative representation of textural information have been published. One method, 
which uses gray level co-occurance matrix, characterizes the texture of an image region by 
measuring the dependence between pairs of gray levels arising from pixels in a specified 
spatial relation. Statistical texture measures also include moments of the gray levels of the 
given region, typically variance, skewness, and kurtosis. Fourier related texture descriptors 
are derived from a two-dimensional power spectrum analysis, which defines the frequency 
distribution of speckle pattem in an image. 
Our hypothesis is that the use of advanced texture analysis techniques can provide 
information from the ultrasound images that can help us detect more subtle changes in the 
tendon in the early stages of injury. The specific objectives are: ( 1) to characterize and 
quantify tendon tissue texture; (2) to use image texture analysis to detect small degrees of 
tendon darnage that can not be detected with conventional commercial diagnostic 
ultrasound machines and subjective evaluation; and (3) to assess tendon integrity following 
injury using quantitative ultrasound techniques. In this preliminary study, we attempted 
post-processing of ultrasound images to provide objective tissue characterization for the 
evaluation of tendon injuries. To date, we have applied the ultrasound image texture 
analysis and pattern recognition techniques that have been successfully developed at Iowa 
State University in the area of ultrasound beef quality grading [8,9]. 
ULTRASOUND SCANNING AND DATA COLLECTION 
Thoroughbred horses at a commercial racetrack were scanned over the course of 
1995 racing season. Gray-scale digital images were acquired using a commercial 
ultrasound imaging scanner (Scanner 480 by Classic Medical Supply, Inc., Tequesta, 
Florida) with a 7.5 Mhz linear array transducer. This system allowed transfer of digitized 
images to a portable notebook computer without using any additional hardware. The leg 
tendon scans were performed at three different sites (zone 1, zone 2, and zone 3) in order to 
provide a representative sample of the entire SDFT and other tendons. The sites chosen 
were also the sites of predilection for injury based upon previous experience. Both cross-
sectional and longitudinal views were obtained at each site. The typical images are shown 
in Figure 2. The horses were also examined clinically for signs oftendon injury, e.g., 
lameness, swollen leg, and 'bowed' tendon. 
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(a) (b) 
Figure 2. Ultrasoundimages from anormal horse leg; (a) cross-sectional and (b) 
longitudinal views. 
A total of 570 images were obtained from 55 horses in this study, which included 
40 clinically normal tendons, and 55 injured tendons. A total of 240 scans ( 40 tendons x 3 
sites x 2 views) were collected from normal tendons, and a total of 330 scans were 
collected from abnormal tendons. Whenever an injured tendon was scanned, the opposite 
clinically normal tendon was also scanned to provide a comparison, and to rninirnize the 
effects of biological variation between horses. The number of horses that developed 
tendon injuries while racing totaled 25. Same ofthese horses injured more than one 
tendon, and 11 horses were scanned more than once to evaluate the subsequent healing that 
was taking place over several months. 
Several of the horses that participated in the study bad injured one of their tendons 
during the previous racing season. Most of these horses bad over 9 months rest following 
their injuries, and the tendons appeared normal clinically. Even though we were unable to 
visually appreciate any abnormality in the ultrasound scans that we performed, several of 
these horses subsequently re-injured the tendons while racing. This suggests that there was 
residual darnage or incomplete healing that compromised the integrity of the tendon. 
Several horses that were scanned early in the racing season and were diagnosed as normal 
or having very mild injury were continued in the racing and subsequently injured the 
tendon more severely. This highlights the problern of making a subjective evaluation of 
the condition of the tendon using conventional scanning techniques. 
ULTRASOUND IMAGEEVALUATION 
Ultrasoundimages were subjectively evaluated using the established protocol of 
injury grading. The SOFT was identified as normal or one of the four grades of injury: 
grade 1 for mostly echogerne SDFT image area, grade 2 for half echogenic and half 
anechogenic area, grade 3 for mostly anechoic, and grade 4 for totally anechoic suggesting 
severe disruption of the tendon texture. A diagnosis was made using information from 
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both clinical and subjective ultrasound evaluation: normal, acute tendinitis, chronic 
tendinitis, and chronic tendinitis with obvious 'bowed' appearance. 
A custom software was developed for image analysis and texture processing. The 
measurements of the cross-sectional area and circumference of SDFf and deep digital 
flexor tendon were recorded by tracing on the image using tbe software. Simple gray scale 
statistical features were computed. Tbe SDFf image area of size 64 x 64 pixel reetangle 
was processed for texture parameters. Tbe image processing tecbniques used included 
Fourier transformation, Co-occurrence matrix, gradient, and bistogram analysis. The 
parameters were further analyzed for the possible trends witb four levels of subjective 
severity rating. Tbe ratios of area measurements and image parameters from superficial 
and deep flexor tendons were also computed for possible use of normal deep flexor tendon 
as a calibration reference for tbe injured SDFf within same image. 
Most tendons stayed normal, bowever a few developed injury during the multiple 
scanning period. Tbis allowed us to study tbe cbanges in texture parameters as the tendon 
passed througb the stages of normal to injury and then to bealing. For initial study reported 
bere, a prelirninary analysis was done only for selected borses wbicb developed injury 
during the racing season. 
PRELIMINARY RESULTS 
Analysis of the cross-sectional images of the SDFf by mean gray level, area, and 
circumference sbowed definitive trends witb tbe four levels of subjective severity rating; 
normal, acute tendinitis, chronic tendinitis, and chronic tendinitis witb obvious 'bowed' 
appearance. Sirnilar trends were observed for the ratios of image parameters from 
superficial and deep flexor tendons. Two selected cases are presented bere wbere the 
scanning was continued througb different stages of tendon injury process. Tbe actual 
patient names are not provided in this report. 
Casel was scanned four times during the 1995 racing season. Tbe scan dates were 
5/8, 1/15, 5/29, and 6/5. Sbe bad a bistory of tendinitis from a year ago. All three zones 
were scanned from both rigbt and left legs and the images were saved. During the season, 
sbe developed tendinitis in left leg zone 3, so the analysis presented bereis from tbe images 
of zone 3 only. Tbe rigbt leg bad some soreness during second scan but returned to normal 
during tbe last scan. Tbus, rigbt leg could not be used as a normal 'reference'. 
As sbown in the Figure 3a, a texture parameter (P02) based on two-dimensional 
Fourier transformation sbowed increase in value for the tendinitis scan. Another texture 
parameter (P12) based on histogram skewness analysis sbowed decrease in value as the 
tendon structure cbanged from normal to tendinitis (Figure 3b ). This may bave the 
Table 1. Data for Case 1 from left leg zone 3 
ScanNo. 
1 
2 
3 
4 
Scan date 
5/8/95 
5/15/95 
5/29/95 
615195 
clinical note 1 
normal 
pain on palpation 
tendinitis - zone3 
tendinitis - bealing 
clinical note 2 
history of tendinitis from last year 
beat 
no pain 
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Figure 3. Two texture parameters (in arbitrary units) for four scans of Case 1: ( a) Fourier 
texture parameter (P02) and (b) histogram based parameter (P12). 
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Figure 4. A multi-parameter 'signature' (in arbitrary unit) using regression analysis of 
texture parameters for four scans of Case 1. 
potential of early diagnosis of tendinitis since the texture changes were observed before the 
tendinitis was diagnosed clinically or from visual interpretation of ultrasound images. 
Several pattern recognition methods have been studied to find the optimum tissue 
'signature' from multiple texture parameters. For evaluating intramuscular fat or marbling 
for beef quality grading in live animals, the statistical multiple regression analysis has 
shown very successful results. Sirnilar regression models were applied for finding a multi-
parameter 'signature' for tendon texture and as shown in Figure 4, it identified the 
tendinitis very clearly. 
Case2 was scanned twice during the 1995 racing season. The scan dates were 5112, 
and 7/24. All three zones were scanned from both right and left legs and the images were 
saved. The first scan showed possible minor tear in zone 3 of the left leg. An injury was 
reported three days before the second scan, which showed up on the ultrasound scan as a 
possible tear down through fetlock. The right leg was normal at both the scanning dates 
and these images were used as references in analyzing the texture results. 
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Table 2. Data for Case2 from zone 3 of left and right legs 
Scan No. 
1-Left 
1-Right 
2-Left 
2-Right 
Scan date 
5/12/95 
5112/95 
7/24/95 
7/24/95 
clinical note 1 clinical note 2 
rninor tear Z3 - may be 
normal 
injury 3 days ago tear down through fetlock 
normal 
Multiparameter 'signature' 
1 
0 · 
·1 
·2 
-3 
-4 
·5 
Left 
scan1 scan2 
Figure 5. A multi-parameter 'signature' (in arbitrary unit) for Case2 for two scans of left 
and right tendons. 
As shown in Figure 5, a multi-parameter 'signature' showed a significant increase 
in value for the left tendon in second scan while the right normal tendon showed only a 
rninor change in the value. A tissue-mirnicking phantom can also provide valuable 
calibration information. 
CONCLUSION AND WORK IN PROGRESS 
In this prelirninary study, we attempted post-processing of ultrasound images to 
provide additional tissue characterization for the evaluation of tendon injuries. To date, we 
have applied the ultrasound image texture analysis and pattern recognition techniques that 
have been successfully developed at Iowa State University in the area of beef quality 
grading 
Preliminary results presented here from a few observations are not conclusive. 
However, they do show encouraging results and possibility of quantifying early injury 
using texture analysis parameters. This analysis will be extended to all the images already 
collected and for the 1996 racing season as weiL For future scanning, we plan to use an 
integrated A-mode and B-mode uHrasound data-acquisition system that is under 
development at CNDE. This will allow analysis of backscattered signals from selected 
regions of the tendon image. Finally, uHrasound elastography technique tat can possibly 
evaluate elastic property of soft tissues, e.g., beef muscle [11], can also be applied for 
evaluation of tendon integrity for diagnosis of early injury and evaluation of healing 
process. 
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